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(54) POSITION DETECTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a position detector which is 
small and of a simple structure and in which a temperature 
characteristic is readily compensated. 

SOLUTION: A magnetism responsive member (11) is coupled 
magnetically in a noncontact manner, to one AC-excitated sensor 
coil (LI). According to a displacement in an object to be detected, 
the relative position of the member to the coil is changed, and the 
impedance of the coil is changed according to the change. A coil 
(L2) for temperature compensation is connected in series with the 
sensor coil (L1). From their connection point, the output voltage of 
the coil changed, on the basis of a change in the impedance of the 
sensor coil, is taken out. An output whose temperature drift has 
been compensated is obtained. A reference voltage comprising an 
AC signal is generated, and the output voltage of the sensor coil 
and the reference voltage are computed. Thereby, at least two AO 
output signals, which have a prescribed cyclic amplitude function as 
an amplitude factor, can be generated 
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o'^ 2 ®s«E*^ti^ntf ^ c i -e. mi ©i©fiM^* 
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So 
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tj® 1 ©lass i . immntimm 3 n s ct ^ jck^imm 

©ili^®3 ^;L'©®M,'*J: D Wiam 1 ©am«lI*BilO 

ffib. lgSI2©ll8S©3-i';l/©S-m-^,i;«3*«iail2©» 
iHm^BX 53 cfc 5 Ufcit*il4 X« 5 (CiBig©ti 

m^m 7 ] wiBiiL5>ifii^$ nfc 2 o©3 jui^tt 
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l*3T*WL/. fe2-o©=i-^;l/©^n^n{C*ft--5^tt 
#3T©iBB?rPIK-r€>C ir, n'i';l/©-^'>t*-d?':^ 
X^liML, €>-:.t:K2-:)©3^';i.©S,m,.Sci;«3ax?)a 
3ti-2>a?imff©b'^;i'^ISI«-c#^ cfc ^ fc 
3 x» 6 Kiatg©ffigMm*^g. 
C#|Bj©if,m^B>«] 

[0 0 0 1 ] 

3 -fji/t c©3 HMmvxmnmvi^^t^mmty. 

^i5H-C©it^feg* fctt|51f5{4a©^£ti tcii t /c ^ © 
-r&D. i^(C> iffi©3£Sfe-cln^$n€>i;5c:a-^;i'©i5^ 

^mm h x^mmmmmmm'&^fr^-rmts^m.mn^ 

[0 002] 

liT&^^n^tirt^-So 2'7'{-¥i!-^-:fLVDTit, Ifll© 
l{g©2i)J3-^;l'<h:^i:>6^3:?). ^ttft:*^^ 
i&r-S nJ«6gR©=i '/;Vg|5-^©«A«{CJ5SDt: 1 ^^2 ^■ 
20 ;i'W©Sl^fe-^*5^{bU, ^ntcjSDfcmjE^^-'^©^ 

V D T . 1 ffi© 1 3 -1" ;V i jtffiit^SI 3 ti/c 2 fll 
©2^>C3'l';l'i3&^6i^d:^^«lh^>>^«^-t?*«3. C® 

« . ^ft ©Jlttf**^ 6 ^ Bj«i)g|3*5itti 2 
;i'©i -^6*i'^©ttAS(cf5Dr l ;X2yj3 ^';i'ra©f| 

#^S^*5>'^* ^ > X WfC^-f b L. > ^ tlJCjS C fcmiE U-^Jl/ 

©^^a;^j#^^2;^3-f;KcaRtr^o c:©lvdt 

© 2 'Amtim-^^Ti-o !/mcmwiiMmwr^mm- 

^ c i r. ^[^^^©{igicfS Dfcif-i' >!|ttt©ai:^ 

30 m^t^-^-f>mE(Dmt}m^^^^m,b. cn6©i^ 

>!RFtt© m:^ft-^ i 3 -tf -Y > !f#tt© tH;^jm-^<!: * R D 

zilyj-i-UxmmLX. ^St)g|5©{4a^ltffib/cT^'-f 

{CIS Dfc-e© g B'i'>^?'i'4?>X (omt^ R - L [sISSic 
J; -S^fflS^iiJ^T c i rt^ffl-r J; ^ ufc ^>© 

[000 3] 

40 », li)^3>fJ^<^;2^X^'('>'^*^l^^>St?^b•2>fc^t), g|3B°n,'^& 

©fiBK^EDfc-y-^' >#tt©tH;f3M^ 
{C*sC:^^fiJfflBj«g^£{4tifttgH«. 2 "7 -r 7-L V 
DTt?K4 5SSS. 3'7'fi':J?-^7'LVDTt?»9 0 

X^(OiE.:&icmm-:h&Sil'tf>mBit^CttfiX^f3:i.> 
50 fcisb. JESffl©|^(c, ■(gl^Jgl^j&sSt^il^'^MjHjS^&o 
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[0 0 0 5 ] 

^'I'^i^^iggur^fSn-f'jL-gpi, tfrfe-fe>i?-ii=i'i'Ji' 20 

tch<Dt. MIS > tJ-ffi rn" ;^ i;c il^ij^i^ § tl/cSSffi 

[000 6 ] ilMlS^SHvftt. ?lttm£>' 
*««:©ii>i& < i -S ^ ©-C * 4 o 30 

L-T. ^H2>1fffi3^^;KDM^W'1'>b'-^'>>^*5M^ 

Vx-Va=A(x) sincot-Pas 
= {ACx) - Pa ) s 

btt^. B?ieB:ra©j*&*«3©fja:Ht?tt. a (x) =Pa 

-ch^ctiph. c (omw^^(om^s%m. r A cx ) - 
Pa J « roj ttj:?>, —:fj. mimm<Dm:t)n^mrc 

(S. A (x) =Pbt?*SCij&>6« C©?i#iS^^ 
rACx)-Pa J rpb -Pa J <j:-:> 

r, c©?ll»*S*®liitil?^i5: rAcx)-Pa j iuia 
Era©®Hrt{c*$i^T. roj *>6 rpb - Pa J ST 
asitt-^WI^JKFtt^^-ro cc-e. rpb-Pajws 



[0 0 0 7 ] CCt?. -fe>-!fffl3'f;L'i<:ii:?iJ®il§n/£: 

=1 ^ ;i' i ©it;^,"t cfc 9 . ffrt B-fe rn- 

c 0 0 0 8 ] —mt ox. mi Rtj^m 2 (om^m^^ti 
m^i^'-y^omaxu^-^ii-^^^v. tfriBiiis 

C/SI 2 ©fA©ffl*fWiaKf4gJCjS DTlt^ 1 SO'll2 © 

L/, Ctll,cmOXmiE,:3-i;\y(DBE.'{>iti^^i^:x^-ttj: 

to-^ > f- 3f ^x^s^-fb-r S J; ^ K bfc ij>©-e*a„ 
c© ^ > b" ^i'^x (cJrtjST'SJiifs ^^-»i'^}#'33SiriES 
Hj&n ffl©i2 >-tfffl n -Y -'I'Jcife D -So 
[0 0 0 9 ] ftMWKtt. 1 *f©^«tss^gm 

©ffl>t=j-s^f4^*5j5;fs©f5H fctjfc -Dxmt-^ i>fiixm^ 

■i JKC^ D SmE:*s^-riSrii^ib:^/ - 1f -f 
(citelt ^ 0 6 9 0 a* -C©«BH©M^fii^fbfC!5:-e 

<i;*5-c#:2,„ CCt?. 5^fMt#^^^s incd 

t b . -fe > ffl 3 ^ ;i/©i^^WSJ±j5^^-rilrtt^'f b 
;^7-:/ic*sW^iSS^f|2:ra©J^^ 0 ©feMic^sttSLTft 

6 n -fe > -y-m 3 -Y ;mi;^jsEE V X ©jgifi^^ •^Ji-ffl 

^Patt^t. mm.m(Dm^ <o ©{4g{c jtfE-r ^ a 

Jl'm;b«EEVx»> Pa s i ncD t i^t>-a--2>o -eU 

^EM©i^*Dfp©feg(c*f{£;t-cf#6n-5H2>-9-ffl 

3'('Ji/tH;^ii)±Vx©fliPM<li(L-^-'i/fii*P b iT^ 
igisr^©*i*?«D©{4M(c*fjt;-ra-fe>-y-ffl=i'i';bm 

Pb s i n O) t tmt)^^. CCX. it^^^O 
©fifgiC^iCT S 3 ^ )l'lii^mKy X ©fii P a s i n CO 

jimtimmv x(Dmmmi.^mmA (x) r^-r 



i n 6) t 
i n CO t ■■■^ ( 1 ) 

lass (1) icse^3Sit«-^©iiiii^ tacx) -Paj 
tufBB:pa©t5Hrt(c*5i:.-r. roj ru t-c 
mit-r^ctictiK). c©iiifi#^©M^i|#tt». if-f 

>WI^©mmiS (oSD 0S*^69 0ffi©«gH) ©itt 

^ifi')mMm^<Dmmmm tacx) -Pa j it. mmm 

iCs ine (tcfcL. i^H: 0' £e£9 0' ) tmio 
[0010] -mt LX. B0ffiSi»«EE*^^-r6lEl8S 
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CO 0 1 1] Bi^h\,>—mmm\t.. wmm'&<o^m 
mmmMMmt. mriai-p©=i-i';uA^6i55Dttiu/c 
1 omw-JSiZ/n 2 (Dmn=& ^n^ntf ^ c i -c. mio 

Vb-Vx = Pb s ihcot-ACx) 
= {Pb -ACx) } s i 
ttt:^, WtBKIffl©*^* O ©fig-TK. A (x) =Pa 

t?*sci36>e>> c<Dmnmm<Dmmmc rpb - a 

Cx) J it rPb -Pa J i^^-5>„ — ItfiBEPsI©!!^ 
*>DearW. A (x) = Pbr*'5C<i::^)56. C©?|| 

^*©«iH#^ rpb - ACX) J 5* roj i^c^o 

j;o-c. c(Dmn-mm(Dm^mm. rpb -acx) j 

l«faizrBi©fEHi^tc*5t=.r. rpb -Pa j t^h 
roj t-r««T^Mi^#tt*^t-„ Miaii^«jc, 
rpb - Pa J ^^ffiWtc r 1 J BufB^ 
( 2 ) (cts ^ ^iji£«-^©JSitMili^ r p b - A (x ) J 
tfiBEPac^Hp^fcfei^r. ri J roj s-c 

mt-r^ctictjii). c(Dimmm(Dmm.mmt. 3-9- 
-f >mW((Dm iiyjR (o* 0 0 s*^^ 9 0 soish) © 

ic'^^m^m^<Dmmmi. rpb -acx) j ^ 

WK:c o s e (fc/^L-. 0° ^e^QO' ) 30 

t>ii-^, !^c*s. (2) ©ii#» rvx-vbj -c*-:> 

CO 0 1 3 ] C-SL-C. 1 •o©3-i';l/i2-o©K*imEE 

Jf-oXrjSffiltrfi-^B^ s i n e s i n 6) t -ViTk-TCt-^^ 
■r-#6*>©T-*«3, 3l?-^>HS5[#f4>S:7j^-rtiiPi^^o 40 
iSMtii:t}i9mt. cosesincot T^-r C 

©m:^«-^®ff^® i |gIS©^>©t:«) «9 , Sd6TWffl^c h 

©-e*€.o mriB^S»llS§r-Si^S5n/ci^^fa2■o 
©SiSai;^«#^A;^ 0. m2 r>(D^m:^m^i<cisi,^ 

IBi?-'('>:RC/3-y-'f >M?^tt. (9 0^) 50 
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^m2<Dmmm.^wmmL^ ur^m2 ©^ijfeffi;^7« 

^i^^n^n^-r-5^i©-c*-s„ c©j©^, 

SUB, fc/cl-o©-l2>lfffl3-f;l'?:ff-o/-i:Wt?J:t^© 
t?. «^?r«/M!RK:®BS^b-rsci*i-e#€.o ±^i 

®»*|smjEi ur±iav a c i -c\ issm 1 

©^tlMi^i L/T, -9-W'>M^©««»impS (OS f) 
oa;0:>6 9 OS©«bH) ©#'tt^Jfo«>©;|rf#^c:i:*5 

CO 0 1 2 ] sfc. iufaErBi©*^t)«3©feg(c^)S-r-5 

10 3 ^' jmi;f3«EEV x ©fflP b s i n CO t i 111 CfSO^St^ 

BEVxi©M**2t>-5i. 
i n CO t 
ncot •••S;(2) 

©«gffl©#tt*^f ©-C. MainItg^cffiSliH*5(JlS9 
0 S©igH©&tH:ft K^n^ inxm^ S n -5 C i fc^j: 
So C©J;5^w:f4ffl^ffi:^^Jc|5fi6-r. Sgiti^Sife 

i n eS,0'/XBc o s 0 ©ift^mEl^-^.'L'^T 

D/c^^v^xli©>'^•J^;^^t#^t^l:^■r■& J; ^ €> J; 
CO 0 1 4 ] JiaicK^gBWi LT. m<DJ:^fj:m 



mmw^mmLfcm'tit. ?i§«?^«tcj;->-c3H'jw©s 
■r?>^micm^m.^ -t ;i'©iB-?-raKji3&3iiTM-r-2> c i k 

CO 0 1 5 ] MommmmtLx. mnm^mitLx 

7Xi;^^5©S£(cil;; D xMft-r ffiB^ >i)^^«^f OXtt® 
HfDi D . Ki^lE^iPM-r iQ:to-^7lcX?l5©a -f 

Cooi6]*><bt:, c:©#fe0j(;c<j:nB. i^^^-fji- 
©^S^^Ki^ntf J: < . 2^rJ'f;^B^S-c^b■Sfc^^>. 

t:t€)o Sfc, l-o©-fe>itffl3'(';l'*flili-2>c:iicj; 
. ^m>^a&g(cjS; GTBif^©JiI»!M^#tt(ctte ^ ^ 

*i^-en-en^T»^©^ifiEtfi;^>«-^ (Fij^tft^-r^s 

D£ 3 tJ- > MifeWtt ^1 Jiifg ^ n -en^i^-r 2 •o©3£ 

mmmm t ur^^^c < t i ^i® ( 9 o k) 

*5gfe/jNt?^]Sf;9-ftltlt?©fig^ttJ*^nJt|-e*So MK, 
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[0017] 

Bj©iijs©ffm<£mBQ-r-i)o HI (A) \tc(Dmn<D- 
<DX'&i,, lam (B) \-mmmc^^-i i>-=i ■<>\^icmmt 

[0018] 3'(';l'SI51 0{*Hl(D-fe>-y-ffl=i'(';l'L 1 

^•&^-Ci,^■5„ ^Mjti^gPMl l»M^tf»tt®^©<fc 
5 i5:?^^ttf$:0i 6 „ 3 Jl-gP 1 0 XUmMSZ^^W^ 

:77:^sia^5n2.o M^tfnwjugpi o:?)Sii^$ii. a» 

iC^gWl l*5^fi-r.i>it-^„ IM(7)1?i|-t:-tt, 
^^gPW 1 1 (D9tm 1 1 a;&s-fe>1fffl3 -f JUL 1 ®3g 

1 1 (D9cm 1 1 a (Dmm:ti^^Bhnm.&m.ic 
•r(D^jj;g§i5M 1 1 (DBiKm*mmm\SLm.-K (cjsd 

>1?-ffl3^jl/L l©3'f;l'fi©|gHrt-c©^5^#«&l^. ^ 
ainJtg«gHB-fe>lJ-ffl=i'f;i/L icDa-TJi/Stcta^-r-S 

S3-C*)S. a-YJl/SBl 0JC*3l=.r«, -fe^-t^ffln-CjU 
L 1 ©ifi^icSffiMMffi 3 ;U L 2 6 ti ^ A^. H 
=i>f;H*?^mWJC'>-;i/h-ur« emftMMi i©^ 

[0019] -fe>1fffl3W';L'L 1 S£?jS£»*M3 0/&:> 

6^*3 n-SBif^© 1 m<Dimim^ usacs i n «> t -c 

j;e.(c, 4z>tJ-ffirn';l'L l©^'>3?i'^f>;^»^^f±i>i:^ 
^laa X icjz- D /c^MJC&Sgm 1 1 ©^fiicjs D T^{b 
•rsfcaf)« HI (B) ©|il8S-c«^ffiWiCDj^-Y>^!'i^ 

-fe>-y-ffl3 -I'-'i'L 1 jciiijijs^3nT*5«3 . 

-S. pi^©<!:*J«3. ?aSS«ffl3'C>'UL2«. J^^^ 

(•Y>^?'i':5'>;^) >&7j^-r*>©t?ife.S)®-e> hi (b) 
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a-^}VL 1 iig^©S]SFU7 h#tt^^i^-rJ:5(c, -fe 

«ffl3'C;UL2©^EEl:hKJ:«3. i2>1fffl3 Jl-L 1 © 
[ti;^«ffiVx*iSX0a^n-5>©t:\ Psa-fJl/Ll, L2 

mtj^v X »iE?i{csjK«« $ nfc ^>© i ^ „ 

[0 0 2 0 ] mmoDt^'o^mMmtsxicmcrmH 

10 fSS^SW 1 1 ©-fe>-i^ffl3 -Y;i/L 1 p^'\©«A«:^^^{b 
■rscit:\ ■fe>-t^ffln'f;VL 1 m-r^M«te^©JK 
■^t»*3^-fbL> S3^";l'L l©gE,'r>3^i':Sf>;^:^^ 
{bU. MMW-Y^f-^^'^X^&^^fb-r-So <J:oT. C© 

ffi (^ramEE) «^tii*fl^fi[gxCcSttS-r.5^>©<?: 

[0 0 2 1 ] H2 (A) B, ^mMmamx dtfix) 

*M^-r6i^^7-C*2.. «fil|xCcfSU/ca. b«. m 

20 Mf6^§l3M 1 1 ©-fe 2 -I" Jb L 1 l*I--^©ftAfiS^ 

a-r€){4a> bB*A«A«(ctBa-r^{ig. t-*>6„ 

«/h«AMfC^BS-r -SfiS a-Cit. -f > f - 

iPif^M) ^fc. «A«Afitcffi^-r§f4gb-C 

'l'>f-5f>XftA©/-cfe, a-fJUL UCiD.2>m 

[0 0 2 2 ] 42>-y-fflr2^';l.L 1 (C*D^mE«, 
fSSSmi l3!>^a35>6bS-C«|j<rar% mMiM*^P>m:k 

30 <iis;t?iifJt^{b-rSo c©fi[Ma{c*Ji,^r«/hfit%<b?. 

a-l'Jl'L l©tli;^SEEVx/!)^Pa s i ncoiV$3^tir 

mffiVaiL/rK^-rSo -TiSr^D-fe. 
Va = Pa s i nci) t 

r-^S„ Sfc, {4Mb{cfct,:>r*:Afa*i^=i-i'jbL 1 
©£H;fjSJ±Vx7&5Pb s i nco t r^^iT-Si (P b 
«*A'f>t:-"^f>X) , C:n?:ll2©ai»^EEVb i 

Vb = Pb sincot 

40 r-*>s„ 

[ 0 0 2 3 ] 1 ( B ) icnk-r^ ^ic^ ^mmmmv 

a. Vb^|6^-rSfces?)©ia8Si tr. 2o©3-fJl'L 

al, L a 2?:il:?iJ^^L'/'c@S§<i:. 2-o©aw';I/Lb 

1, Lh2^m.fmmLfiLmm^*^mnp>nxis^. c 

•S, Sm^EV a «3 JPL a 1 . L a 2 ©^.-^S^^^ 
iROtH^n. KieSEVbtt^-fJl/Lb 1 . Lb2©® 
M-'^§5&^P)B(^tH§n.S. a-fjl-Lal. La 2. a-/;!/ 
LI. L2©§>ftB< B»fM©«?imVa. Vb*sf#^ 
50 nSJ:?i(c. ^©-y>f-^f>;^ ('f>d^'^^>x) *5 
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Mmcmm^ti^. 3>f;l'Lal, L a 2 (D^Etktc J: 

<Dt:\ 3 'i';l/L b 1 . Lb 2©igK F U F#14*S:f|^ 

a*»mjivbttiEW(css?f«sn/c^>©i^c 

So 

[0 0 2 4 ] ?ll»liISS3 1 AC*, -fe>-9-ffl:3-l';l'L 1 © 
ffi;^mjIVx75^6»l ©S^iUHVa^Sff-r-S^© 10 
t:\ luses^ (1) ©j;^{c, =i-i'-'Vm:^«l±Vx©fSipi 
^^mWiA (x) -C^-Ti. 
Vx— Va=A(x) s incDt— Pa s iii<«>t 
= {A(x) -Pa } s 1 nw t 

tt^mn^n'j, sii©s*ii^ffva{cj;o-rK«ufc 
mmnm.m(omi^^oy^m.sitiu. a (x) =Pa-c- 

* 5 c i 6 , c ©?ll»:|S*®JliPs^^ r A (X ) - P a 
J B ro J i^c-So — mmW,Mmm.m<D^i:>K)(D 
ttgbrii, A (x) =Pbt?*sci*i6. ccomn 

^^©Jiifi^i^ TACx) -Pa J tt rpb-Pa J ttj: 20 

So J: or, c<D-mm.mm(Dm^Mmm -Pa 

J », te*im^*|2:ra©4EHrt(C*5li-C, roj 

rpb - Pa J «-c»ti-rsM^iRFi4*^-r„ ccr, 

rpb - Pa J tt*Afit-eabS:*^6, cn^^ffiWfc 
rij i#^si, Bfri2^(cse^^?j^ft^©miPi«^ 
TAcx) -Pa J », *^ffl*f«Kra©rarttc4st,> 

02 (B) ic^Tcfc-^fc, ro J *ie> r 1 J $-c^ 
it-rsci(c^cf], c©Siipi^^©MiJ:!|#tt», H2 

(C) ic^-Tcfc^^clf-f^MiJts i na©^imRR (-^ 
*D 0iK3&i6 9 OS©igH) ©#tt«:^c-€=6A-SCi*5 30 
r#So J: -or, lulBSicSe53£SSft#©tgtif^^ TA 
Cx) -Pa J «, ^fflWtCs i no (/c/cL, Af*, 

(B) , (C) e@x(C>Kf-rS1f-r>M^Jf#tt© 

}lfS^©*-:7-s i n e©i?^^^T^L'rt,iS755\ Hl^© 
mnmi§3 l A©fcB;bttC©fii|iSfl^s i n 6>iC*ft£;-r 
■2.JgfiU-^-'U^J#-^3£^{t-^s i n 61 s i n o t "Cfe 

So 

[0 02 5] M#0S§3 1 B«, mtiim=> )l^L I (Dm 

-c, iffiB^ (2 ) ©Jc^'^c, 
Vb— Vx=Pb s incDt— A(x) s in<»t 
= {Pb -A(x) } s i nco t 

A (x) =Pat?*sc<b*>6. c:©SI»iBS©iiili# 
^ rpb -Acx) J « rpb -Pa J i^cSo 

m 2 (ommmKv b cc j; -o l/ckes©,^*? © 

^Mb-CB, A (x) =Pb-Cce.SCi:^^?., C©vll» 

ms^<DmmmL rpb - acx) j « roj i^So J: 
or, c©ai»itt*©Jg«^ rpb -ACX) J it. 50 
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^tti*f^Kra©«5Hrt{c*5t,ir. rpb - Pa J 

roj srif«-rsMi!{#tt^^t-o ffriaiUHicc, 
rpb - Pa J ^mmmic ru i^i^si, MiB^tc 
Wjimm-^<Dimm!. rpb -acx) j «, ^mn 

mB:PBl©®Hi*lic*3i,>r, H2 (B) ic^-rj:^'tc, 
ri J roj sr^-fb-rscifc-^cf), c©^^!^* 
^©MMftt«, 02 (C) Oc^-rj;^i^c3lf'i'>'Mi5t 
1 mm. f3 0 S3{P6 9 0 ]K©«5H) (D^mctj: 
^■6^Sci*5r^So J; or, f«iB^(cge-5l5tj^<l-^ 
©fSifs^i^ rpb -acx) j tt. ^ffiw^cc o s e 

(.fctcL, Xi^. 0° ^9^9 0° ) ^mi>xmt>-ii 
S. C©«^i§>, 02 (B>r«, {4Sx{c*tfS3l?- 

')'>MiJ:#t§©Jgi|ii»^©*'-:7'c o s e(D^^^sOx 
m^<DmMmm3 iB<Dm:fjitc<Dimmi.c 

0 s etc^lSf Stii|iiU-^Jl'*^-^3iSte<l-^c o s 0 s 

1 ncotrfeSo mWM^3 1 Br©?^B TV 

x- Vb J r*-cr^^cti^ 

[0 02 6] c^ur. ^^tti>p|-|^iaMxKjE&Dr-9-'r > 

3X?^[H;'3fl-^ s in6s incoticos^s incot 
?r^^f S C i tii-V S o C n »— ^ VVl/y i t< ^ 
nS^4S*^mS©tli^{t-^©ff^,« illUt© ©r 0 , 

w^ictsfflTsci^^r^So ja#[5i8S3i 

A , 3 1 B r^^$ nfc V -i' 7°© 2 -^©^s^m 

2fcA;^3b, ^2-o©Xi^/±5;'3{t-^{c*5C:fSliitiffl©*a 
s i n eSC^'c o s 0 om^m *tf-S'JTS C i 

r, ^mimim.^ r ^* v u ^ - F r«itHT s c i j&^r 
*So c©^^iMai5iig3 2itr{*, mid!*ffiiPA 

©ttiWC^Si|$M¥9 - 1 2 6 8 0 9-^:&$BiOi^$*ifc 
SI*j*fflt,^r«BS-rSi Jcl^o M;1B, ® 1 ©S£2)lEtB:ti 
it-^s i n 0 s i nco t^^MB^Jfcg Ojgi^:? F-TSC 
ir, i n 9 c o s ci) t*^L, cniH 

2©^?jSffl:;'3ff-^c o s 61 s i nco t ^ttlM»^J?S^S 
Cir, sinCot + e) *5 J; s in ( co t - 6 ) 

s , 6» D r jw=afc J; nm^-^jmcm'^^^v f § tx 

fcfi-^) ^©f4tS0?:SiJ^-rSCir, XF 

a-^f4g^tii7^-i?*#sci*^r#So mmmu 

"^'^^ML'rp;rS©y7 F'^c<^T5rlltfrSC iKJ; 

ofi[*a<^ai^!ia^tf ^J:^(cLr4>cfci>„ *si^«, 
»i© u VJ^^^'ai;^J^Mffl■r s/cfetc^ffls nsR - d n 
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I A. 3 1 B©m;^J«-^s i n e s i n<B tJ^Cl^c o s 

e s i nco t^^(D^ttiiyd-t^J:^i^cV'ChJ:i.\ 
[0 0 2 7] H2 (B) K^-TJc^Jc, 1^'('>S. 

a'3if'f>Mm#tt©3£ijSai;'jff-^s i n e s i nco t 
SO* coses incot (C*5l:f ■tt^ift 61 

•S>i. 02 (C) ic^-rj;^ife*©-9--l'>S.C)'"=i-y-^'> 10 

mmmi^^^vxi,^tj:[,>^ Lt>^L. mmtiimm32x 

it. ^i}>»±. C<DiS.mititlS^ s i nd s i n ca tS 

C^'c o s 9 s i n(i) t ^^H'^ti-^-O^l^^^^lym 

iii^ i * 5 . efflt^ffillSS 3 2 <D]iit}^- ^ ^mK<D 
tj:l^^i><0-cmj:<. 02 (B) (C^Sti-S J: ^(C. mm 

4b. m2 (B) ©fj-ctt. ffi,-s*^^T. '?-©itw©a 

-ct,iS<frti«> fiiw©a^^x<i:aAz:rfci»^icttm 
3&H^±=ftW«ics;?.'5^©-e*-pt:fe. eicMUT 

[0 0 2 8 ] C C-C\ M^C'&Sa F 'J V h!i#tt©li{tiC 

Mi«3n-ri^5i>©-c$)^*5, ?ii»[a?§3 ia, 3 1 

BtCfci^SMM^^Cdc-oT. n—il'H(D\y^)\y^Wm& 40 

•So 

[0 029] »*liJE^^ffi©S3 ^•;UL a 1 . L a 
2. Lbl. Lb2«> H2>t^-fflr3^;bL 1 i|Hl#©i|f 
tt©3'f;U*ffiML/. £:ne)©3-YJl/La 1. L 

a 2, Lbl. L b 2 i-fe^itffln-YJl-L 1 illI«©-M 
SJii«iCg< (OS 0 42>-y-ffl3 ^-^l-L 1 ©i;bl5a«3ia< 
iCiBg-r^S) ©*5J:l^*s. cntciS^-r. M©BBg-r4> 
At,^. ^5Iife!&:6«. lai (B) ©i:5^c^*f©3^;U© so 
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ai^J^<t^©^**>e.©SEESl?)ffiL(cJ:-5-C, © 
»»mEEBSM©#3-/;VLa 1 . La 2. Lbl, L 

b 2«. M»iass3 1 A. 3 1 ^aym^wm^m^x 

[0 0 3 0 ] HStt, aWJ±^*ffl=H'>'l-La 1. L 
a2. Lbl, l^h^o^Al^^i^ ^l^7.-^tii::>%-ii^\^ 
-^f>>^©K^ffi©— W^^-r. l*f-©=r^;l/L a 1 . 
La 2(C^LrM'&f*=iTMadSpJSW{CffA§tl. ^ 
©leg^rlHIS-r-SCir, 2-o©n^';ULa l. La2 
©^n^ntc*fr^»tt^*3TM a ©f*Afl::*^MitlW{c 
^SSti. ^fSIVa©^•-^;^*pT^iiS•^SC^*5 
r^So Wm^. m©rJ'fJl'L b 1 . Lb2(C>(*L't: 

»tt^=iTMb*5Bj^a{j(c»A$ti. 'e©ies^pst- 
sci-r. 2-:>©3-f ^i-L b 1 . L b 2 ©-en-enoc^ 

^SiStt^3TMb©«A*3&«^ttWfc|)3SSSn. 

«I£V b © u-^-H/5r nj^liS-r -S c: i ^„ 

[0 0 3 1 ] amSJE^fflllSSK. ^f-TJUKPS^T. 
ffita^©flfe©3aS^SMlIlfe*liISS*^ or ^> 

H 1 ©-rn-eifj. =3 ;L- L 1 ©SfartK»t^©j^mjS^SP 
Ml l*5«AT-2>1tJ3t-C*-g>*5^ cn5e:|5g6T\ s-i'Ji' 

L i©jiw-r^c^5%e«i5isgsrart-c?tmf&^gpt4i 1 

[0 0 3 2 ] *f6H«^C{|^^fiM*^ai^«K. ^^KS -o 

T<-!^d:B:Siig©l^a(cPH6-r\ fl^^©»BH-eR3I1^S 

fc«ft)»t^{c^fit-s^w>iffi^©ti[gi^ai{c *>®ffi-r ^ 

ci*«-e§.5. ii4»^©— M^^-rfe®-c, -fe>-tJ-ffl 

a-^jUL 1 *SBlfS©ftiK«BH0iicfcCi-rRM«(cgeg§ 
txT*J «3 . 1 1 J&^flilC ^ *,Cn4C 

tgH^JCt^fco-CfSKit, ^©JS«ti«mct6DT-fe>1f 
ffla 'i';l'L 1 {c^^-r SilMfBSgW 1 1 ©aAfij&^^lt 

■r-5„ ssii«ffl3'('-'i^L2^®a©fig(cKwe>n€> 
[0 0 3 3 ] ^mm'sku±mmm.m\x. mm&mm. 

iS-rfe©-t:\ (A) (c^-r<i:^fc, •fe>ifffl3'(';UL 1 

1 1 »iHifsWc (cix «3 {^tt hmcMM-m^<D 
§ nfcm.mm<Dmam*^ 5 r c ^ ^ „ KMjtsgsm 1 

l©ia®Og|536S3'rJl'L l(DmmHl<CX-yXi!pP>liir 

$T:©1 9^^3-©ftS^f4Jcfciir> =3-Y;bL l 

(Dmt)ms.vxu. H5 (B) ic9fitJ:'?<,c^nmmc 
mit-r^o mmmmtiyx±mv &, vb®« 

^©itiM©Vc*ffl:gL. H5 (C) fCTj^-Tcfc^ 

(c. if '('>M^®jJiitmiJ:#tt®m^ft-^s i n e s i 
n CO t ^n^tcmc rVx-Va-VcJ rj:^mw-^n 
fj:\,K 3-9--l'>MI^®«iH^^#tt©m;t»«#c o s 0 
s i nco t^f*€.fcis?)iC, rvb -Vx-Vc J ^c6?a 
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[0 034] ±m^mWUcisl^r. 
n?>fcii>(Dmmt. 01 (B) iC73^L/cJ;^^i:{iifa<^ffi 
BifSa 2^ffll^.5fe(D{CK6T. H6 (A) (c^-TJc'J 

(A) (cfci^r. miiMaiiHiss4 om©^^ttiiii lo 

(B) icmhfci>(Dtmm-c&^o sr^ic. ms-^m 

llS§4 0-c{i> MUlHSSS 1 A#'6aJ:^i$tiS^ffiWfc 

t^'l'>Mm©}lifi#tt^f*':)5StMt-^s i n 0 s i nco 

t^M?jKi5ig§4 1 icA:^^, mMm^m^^m^L. b 

mmmS.'^s i n 0(Di5f-(cjSg-r-5il:siE©tslttiiiEEV 1 

^r^^-r-So ?ii^i5iiiS3 1 Btr>hmtt$n^mm 

W(c:3-tJ--Y>H^®|gfi#tt*J*-^5ioiEft#c o s 0 s 
i n CO t ?:MSII1SS4 2 (CA;*: 3S^ft-^fiS:^^l^« 
L.. fl*im)ag^c o s e <D^iCfiM-f-^m^<D^iiiM 
EEV2?:^^-r-S<. H6 (B) it. ^mMMiiSxicM 20 

br^-^-s-^^^w^Ev 1 , V2©#ttm^-r„ CCD J: 
^tj:^iisnhn^mmm2 (b) >2:#Mt^Tgs(ciji 

©*^!±}aj±vi. V2^r:^p^'"-e^#-2>c:i*s-t?$^„ 

m V 1 , V 2 (D^^n^ J;: ^ (c— ^^iJ®^»S|51S§/cl-J 
1. V2*3fe?iJB<Jic#|^-r^=fc5(CT^Ci(cj;D. % 

[0 0 3 5 ] H7». {itiMffifflTi-Pe^iaSSS 2 Ai 

06 (A) t.c^\,>xmmmmr-rnifmt^3 2Atm 

i^'BS§3 2 AiJl^'f©«Egic-oiir®Si0Jtt. Hi (B) 

(A) ©isHj€r®ffl-r^„ mmmmr-ruif 

[1?§3 2 AiCfca^r. ?||»[1S§3 1 A:i5:>6ai;':Stlfc^ 
fiSWfc-tf-i'>Mi^©lli|ii#tt>&Jf'33^tMt-^A= sin 40 
9 s i n o) t ». m^Uy Vmi^ 1 9 iCKtl^n. ^© 

mmmjmtm^&mi^v v^fx. m«9 osa* 

immmi 5-c»> ■(affii^^ migsi 9*ie,a:ti5 

m^cDmrnw^^n-^^mm^B = cose»sincot 
ttfitm^ti, ^(Dmnmtf^Lr. b+a* =cose so 
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• sinco t +sin6 • cosco t =sin (co t + 0 ) ^c-SiS^ 

•c«*D#-s^ 1 (omMmi^mm^Y i *^f#6ti^o 

i5ISgl6-e«. ±MmSi^y hStitc^mm-^A' =si 
na • cosco t t±§E.mWmm3 1 B*>e.a;'33SSfefi-^B 

= cos6l • sinco t t-fyiWM^tl. ^(DWMlHtSt LX. 
B — A' = cos 9 • sinco t — sin 0 • cosco t = sin (co 

t - 6) ) rj: ^^^xmty& i>m 2 (omMm^mm^Y 2 

o» 1 ©MaW35?Sai;f3ft^Y 1 = sin (CO t + a ) 

i§iDBtriB^ai>ft*fiS (x) ic>[tjSt-cA:&rsjKi^ 

mm-tjm^Y 2 = sin (co t - 0 ) ^^^{iffitC 

[0 03 6] jtomBjs 1 5 Rzj^mmmm 1 e (Dmtim^ 

Yl. Y2{*, 5^<ffe*ai'0>^MaiH]8§l 7, 18{CA 

>^©^^m©tt:^riL.rK> &m-^Yi. Y2© 

OfitS^t^fcH-r?.o #liISSl 7. 1 S-c^mbfc-^Pi' 
PX^^i/^•;^;^■o^ «3 offifflt^ai>'-<-'i';^B. ^ f 

XLPl, LP2iU-CfctS::'3§tl5„ ■3' 5^^^•;^XL P 

1. LP2«, a^i^b^ci^ffit@TtiS'JSi^gfcA:tf3ti 

h^^^n^^m^f^mn s i n co t © o mms^ji^ h 

#7 f L P 1 , L P 2 ©^^* (S:-fe±3?i^ 9 

LP2(C*t)St--5:^'t'>h^ii*ft:^l^{Ci^7 hsn/tfi 
tift (-61) (DW^T'-^tLXWA-lr^. CtiP.©IE 

[0 0 3 7 ] J^cfc, »ii347>i£^^i!i3 0 ©»JllHl?§-e© 

^iSW^^Wm^2 0\cKti\y. WmmMmn^ in CO 
%±iB{a:ffiTnsiJ^«gicA;tfL-c-?'^o «©«^. fi[ 

\iicnmfi>-ijwm%^ (^^v^xM^) ©AE^i^^fjjc 

L p 1 . L p 2 <om&^^ itL^kM ^y^am 
*) •c-e©/!7'i?>Hit^^-:'5^-ra«^*»ffl-rsc<!: 

■c\ ±ia©J:^iciE:^raiSO'*:&fniJc>'7 h$*T,/cf4+B 
+ 6) SLt>' - 6» ©ii^Mt^aiT'- ^ ^^ti^ti%i> c i *5 

•rtr-So ^fs, cn(ci®6-r« iiB&ta-rnaij^siffi© 
ffljt?. am3^ijfeM#s i n CO t Knmt^^wwm^ 
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msm^fp w.sci-e. r-ru ^'oymm^Ms^ s i n 
fi9mmw(om'cu. \i^t)hfcmm^mw^s i ncot 

;^ L P 1 . L P 2 CD^g^^.-iS {\Llz>±M*) V V 

±mmB'rmmm&^ vxa. c p uoj; ^t^yy \- 
^a.rvui>'^ M^wmmm yu^y v=^mm-r i j; 

mmu^A 1 (cA;f3-r^ft-^<btr, va^Hsss 1 Acom 

tJim^A = sin0sincot iC{^A.X. WfUiyy hlsl 
S§1 9*i6©ai;^Jfl-^A' = s inecoscot 

[0 0 3 8] fxis. mexitmi <Dm^i'Cisi>x, 

:^iPi^PIiIS§4 3.44 0CS«EEV 1 , V 2 ^Xtl b , 

^ ^• X ifa^p 5 nfc:a-ff5Mt^ p w i . p w 2 <Dmm-v 
mi5(cm;^-r ^J; ^ cfci^o ^^•J^xl^s^PIlHIi^S4 
3. 4 4«. A:^33nfc«ffiVl. V2(Dffl(cStt6-r^ 

^^•;^Xlti^f#•o^ff$^^t#PW 1 . PW2 ^m^T^. 
[0 0 3 9 ] rjiio. mM^o.^mi 1 1 i Lr. ?fi»f4f* 

©ifiSic js D -c a -f jKDm^rsmmti^m'pr ^ c i (c 

[0040] Sfc. JiMlS^gPM 1 1 i tT7m«5^ 

3^;l/g|51 0®3'i';WC»il^/Gx3T?r$tf J;^(c 
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[0 04 1 ] 

c: i :^>3-c § i it(c . -fe > -tf-ffl 3 ^' ;u ocit^JSiK § nfc 

10 JUtJafe-S <:: ifc J: SK F 'J h *®]E(ctBI5b, 
[0 04 2] s/c. ^tfi*f^{iH^cjS:;Dr^D^3^'ji/ 

^^^^{cfijK F y 7 F nfciEii^cT^ p i^mw^n 

[|gM®ffi#^j:iiHJ] 

[HI] *^Hj(c-e&^>f±g^m^^®— siwj^^-r 
^©r, (A) tt^'fisMmH. (B) \immm.(Dzi^)v 

[02] 11 1 (ommmoymhmi'mmm. 

[H3] a■^i«E^afeffl='■^'>'^©-Y>t•-^?">xp^S 

ft©— fij^^-ri^Ho 
40 [H5] MmiM^m<<cmmt^m'^(o^mmmm 

[07] ms.^m t immm<Dmmm=^Mm v tc:^m 
[08] isi63?.ttii7 (Dmmmicmm'simrjiiimmm 

50 10 3 ;US|5 
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L2 aait«M=n'>'i/ 
1 1 mm.f^'Smi 
3 0 ^m^m 

3 1 A. 3 IB T:^Pi^M#ia8S 



(10) 2 0 0 2 - 1 0 7 1 0 6 
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* 3 2 am^mmm 

Lai, La2. Lbl. Lb2 »^*mjE^ffl®3 

4 0 ma^mm^ 

* 4 1.42 HSKlHliS 
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